I. Introduction
===============

As the number of hospital information systems (HISs) have rapidly increased, systems for nursing also have increased. Since nursing care is a major operating cost within a hospital budget, nursing management is important for cost saving, and it contributes to the financial stability of hospitals \[[@B1]\]. Moreover, nursing management also affects clinical practice; it is responsible for managing nursing units, personnel (recruitment, selection of staff, development, working environment), budgets (budgeting, cost control, and financial results), nursing practice (introducing and maintaining standards), and the development of services \[[@B2],[@B3]\]. For these activities, effective nursing management relies on the effective use of up-to-date information about patient flow and acuity, staffing, and costs. Thus, evaluation of these systems should be conducted to manage costs, activity planning, resource allocation, and quality assurance \[[@B4],[@B5],[@B6]\].

The outcome of investment should be justified via evaluation for effectiveness in terms of various factors, such as money, time, and resources involved in the development and implementation of systems \[[@B7]\]. Evaluation studies or projects involving information systems for nurses have been published. Generally, researchers evaluate the results against the expected outcomes or goals of the information system, or compare the results before and after system implementation \[[@B8]\]. Several evaluation studies of nursing management information systems (NMISs) have also been published. Some studies have focused on nursing financial or cost management systems \[[@B9],[@B10]\], while others have been related to staffing or resource management systems \[[@B6],[@B11]\]. In addition, some studies have focused on patient or data management systems \[[@B4],[@B12]\].

Although several studies evaluating the effectiveness of NMISs have been conducted, to our knowledge, there has been no summarization or synthesis of the existing evidence. Therefore, the purpose of the current study was to systemically review and synthesize the evidence on the effectiveness of NMISs used by nurses in clinical settings.

II. Methods
===========

1. Search Strategies
--------------------

An extensive search for articles published from 1970 to May of 2014 was conducted using the PubMed, CINAHL, Embase, and Cochrane Library databases. Because all of the databases we used include terms based on Medical Subject Headings (MeSH) terms, we selected MeSH terms first, including (informatics OR nursing informatics OR medical informatics OR medical informatics application OR management information systems) for information systems, and (evaluation studies OR nursing evaluation research) for evaluation research. With those MeSH terms, we also combined other keywords, such as (manag^\*^ OR admin^\*^) for management, and nurs^\*^ so that these wildcards could retrieve all relevant articles. Additionally, only studies written in English were used for the current study. The titles and abstracts returned by the search were read and assessed by two reviewers: one reviewer was a nursing professor who majored in nursing informatics, and the other reviewer was a doctoral student of nursing who has trained for systematic review.

2. Selection Criteria
---------------------

An article was included if it met the following criteria: 1) included a nursing management system or a system developed as a part of nursing management; 2) was original research; and 3) included nurses as system users or study subjects. An article was excluded if it met the following criteria: 1) focused on systems used in nursing homes, the community, or long-term care facilities; 2) simply evaluated an IT device; 3) evaluated the technical aspects of a developed system; 4) evaluated systems not directly related to nursing; and 5) was a thesis, abstract, or part of conference proceedings.

3. Data Extraction
------------------

From the six selected studies, we extracted type of management system, study purpose, study design, data source, system users, and study subjects. Since system users and study subjects were not necessarily the same, we extracted both types of information. Additionally, we extracted outcomes used to evaluate the effectiveness of NMISs. In the case of disagreement, differences were resolved through discussion between the two reviewers.

4. Quality Assessment
---------------------

Study quality was independently assessed by the two reviewers using the Risk of Bias Assessment Tool for Non-randomized Studies (RoBANS 2.0) criteria \[[@B13]\]. The RoBANS criteria cover seven specific areas, including comparability of participants, selection of participants, confounding variables, intervention measurement, blinding of outcome assessment, outcome evaluation, incomplete outcome data, and selective outcome reporting \[[@B13]\]. Each criterion was evaluated as \'low risk of bias\', \'high risk of bias\', or \'unclear\'. If the study did not mention a certain criterion, we evaluated it as \'unclear\'. In instances of disagreement, each case was discussed with all authors.

III. Results
============

1. Selection of Studies
-----------------------

The initial search retrieved a total of 2,257 studies: 807 from PubMed, 812 from CINAHL, 625 from Embase, and 13 from the Cochrane Library. From these, 253 duplicate articles were removed. Based on the inclusion and exclusion criteria, two members of the research team independently reviewed each article and reached a consensus regarding its exclusion. The review process for the selected articles progressed in three stages, including title review, abstract review, and full text review. We extracted 1,929 studies from the title and abstract review and 69 studies from the full text review. Finally, a total of six articles were selected for this study. The retrieval and screening process is summarized in [Figure 1](#F1){ref-type="fig"}.

2. Types of NMISs
-----------------

The selected studies included three types of NMISs. There were two scheduling programs including a perioperative system and a self-scheduling system \[[@B11],[@B12]\] as well as two nursing cost-related programs, including a nursing resource management system and a nursing financial management system \[[@B6],[@B9]\]. Moreover, there were two patient care management programs, including a data warehouse-based NMIS and a computerized nurse dependency management system \[[@B4],[@B10]\] ([Table 1](#T1){ref-type="table"}).

3. Study Methods
----------------

With regard to study design, we found two quantitative studies \[[@B9],[@B10]\], three mixed studies with both quantitative and qualitative approaches \[[@B4],[@B6],[@B11]\], and a descriptive study \[[@B12]\]. For the data source, questionnaires were the most preferred quantitative method, and they were used in four studies \[[@B4],[@B6],[@B9],[@B11]\]. Qualitative approaches, including semi-structured interview and focus group interview were used in three studies \[[@B4],[@B6],[@B11]\]. Additionally, hospital data, such as fiscal and human resource data \[[@B9]\] as well as electronic nursing workload management reports \[[@B10]\], were utilized to evaluate system effectiveness.

For system users and study subjects, although the majority of users of the perioperative system were nurses, other professionals (e.g., physicians and lab technicians) were also system users \[[@B12]\]. The study subjects were operating room nurses, unit nurse managers or directors, unit head nurses, and experts in clinical nursing informatics ([Table 1](#T1){ref-type="table"}).

4. Outcome Measures
-------------------

The outcome measures of NMISs in the six studies were classified into eight categories, including usefulness, time saving, satisfaction, cost, attitude, usability, data quality/completeness/accuracy, and personnel work patterns. Most studies used multiple outcome measures, ranging from 2 to 7, with an average of 5.0 per study ([Table 2](#T2){ref-type="table"}).

All six studies evaluated \'usefulness\', and most studies addressed the positive results. For example, nursing financial management systems helped make the nursing staffs\' work processes less complicated and improved productivity \[[@B9]\]. In addition, the perioperative system decreased cancellations and equipment conflicts in operating rooms and improved overall documentation \[[@B12]\]. In the nursing resource management information system evaluation study, nurses\' perceived usefulness mean score was 26.7, with a range of -33.0 to +33.0, which was a high score \[[@B6]\]. Furthermore, the data warehouse-based nursing management system improved care to meet actual care needs (40%), and appropriate care was delivered at the right time according to predefined clinical processes (20%) \[[@B4]\]. By using the computerized nurse dependency management system, nurse managers allowed for continuous patient dependency data to be used to allocate and predict staff allocation based on nursing care requirements \[[@B10]\]. However, one negative result was described in terms of the self-scheduling system study. Specifically, in this study, nurses could not predict what events would happen 2-3 months ahead of time, and self-scheduling was difficult when the schedule had to be changed \[[@B11]\].

\'Time saving\' and \'satisfaction\' outcomes were the second most evaluated measurements, and they were included in five studies \[[@B4],[@B6],[@B9],[@B11],[@B12]\]. Furthermore, most of the results demonstrated positive effects. In the time saving category, the nursing financial management system evaluation study showed that use of the system led to 6% of staff\'s time spent on report generation compared to 52% with the manual system. Moreover, the time required for data collection, organization, and manipulation decreased by 88%, demonstrating a savings of 2,410 hours annually \[[@B9]\]. In addition, the perioperative system decreased the number of hours nurses spent ordering supplies and reduced unnecessary inventory \[[@B12]\]. The nursing resource management information system also reduced expenditures for overtime and extra hours compared to the control group \[[@B6]\]. Users of the self-scheduling system perceived that they had more time to spend with their families and felt they provided better patient care as a result \[[@B11]\]. On the other hand, the \'time saving\' outcome was associated with some negative aspects of the NMISs. For instance, the self-scheduling system created too much work for the nurse managers to organize scheduling \[[@B11]\]. In addition, the data warehouse-based NMIS included too much data content with several dimensions that made data exploration obscure, and it was found to be confusing and time consuming in everyday use (27%) \[[@B4]\].

In the \'satisfaction\' category, nurse managers were satisfied with the nursing financial management system, which ensured that delays in information reporting did not occur \[[@B9]\]. Additionally, the perioperative system allowed for reporting of caseload, average surgical time, cost per case, room usage or turnover time, numbers of cases, average case costs, case cancellation reasons, and the number of cancellations \[[@B12]\]. With regard to the nursing resource management information system, nurses\' mean score for satisfaction was 54.7, with a range of 12-60 \[[@B6]\]. In the study of the self-scheduling system, nurse users were able to control their schedules and felt more freedom in their personal lives (70%), although some competition occurred when selecting preferred shifts \[[@B11]\]. The data warehouse-based NMIS does not include important quality aspects of a patient\'s care (40%) or information describing personnel competency and educational needs (30%) \[[@B4]\].

\'Cost\' was evaluated as an outcome measurement in four studies. The nursing financial management system eliminated salaries related to re-working, which led to 122% of return on investment \[[@B9]\]. In addition, the perioperative system decreased lost charges \[[@B12]\], while the nursing resource management information system improved the budget balance \[[@B6]\]. Furthermore, the computerized nurse dependency management system under-predicted the decreased average number of hours per ward and per shift compared to the manual system. Moreover, the system allowed for staff allocation to meet patients\' varying requirements for nursing hours and skill mix \[[@B10]\].

\'Attitude\' was evaluated as an outcome measurement in three studies. In the study of the nursing resource management information system, the mean score of implementation on attitude (i.e., job performance) was 13.3, with a range of -26 to +26 \[[@B6]\]. However, the self-scheduling system gradually decreased control and flexibility \[[@B11]\]. The data warehouse-based NMIS showed positive aspects in terms of the systematic production of information from available nursing databases \[[@B4]\].

\'Usability\' was also evaluated as an outcome measurement in three studies. In the nursing resource management information system study, the mean ease of use score was 16.3, with a range of -18 to +18 \[[@B6]\]. The data warehouse-based NMIS was useable (22%) and multi-professional use was available to ensure total quality of patient care (40%) \[[@B4]\]. However, the perioperative system study described how the personnel module only allowed users to view 10 personnel and 2 weeks of the schedule on each screen \[[@B12]\].

Three of the selected studies measured the outcome of \'data quality/completeness/accuracy\'. With regard to the nursing resource management information system, the mean score of information accuracy was 8.3, with a range of 2-10 \[[@B6]\]. In the data warehouse-based NMIS study, risk of misleading conclusions was 27% if users lacked competencies in either nursing management or statistical decision-making, and 40% of participants demanded that data from other HIS-subsystems (e.g., hospital infection data) be added \[[@B4]\]. The computerized nurse dependency management system provided a detailed measure of the complexity of patient needs and their dependency on nurses, while also electronically recording actual care. Thus, it predicts the care required for individual patient needs and their dependency on nurses \[[@B10]\].

Two of the selected studies measured the outcome of \'personnel work patterns\'. The perioperative system helped to track continuing staff education and basic life support renewal dates \[[@B12]\]. In the interviews of the self-scheduling system users, participants described how the system provided a feeling of control over their own lives and allowed them to schedule work based on their personal needs without filling out multiple time request forms \[[@B11]\].

5. Quality of Studies
---------------------

The quality of the included studies is summarized in [Table 3](#T3){ref-type="table"}. In appraising the risk of bias as a result of inappropriate comparability and participant selection, only one study \[[@B6]\] was evaluated as \'low risk of bias\' on comparability as it compared 4 test units and 6 control units by simultaneous parallel measurements. We evaluated studies that did not specifically describe participants as \'unclear\' \[[@B4],[@B9],[@B10],[@B11],[@B12]\] and one study that used convenient sampling as \'high risk of bias\' on participant selection \[[@B6]\]. All studies were also \'unclear\' about blinding outcome assessment and incomplete outcome data. On the other hand, all studies did not consider confounding variables that were evaluated as \'high risk of bias\' on confounding variables. In terms of the intervention measurement, three studies were rated as having a \'low risk of bias\' \[[@B9],[@B10],[@B12]\] and others were appraised as having a \'high risk of bias\' because of using non-standardized measurements, such as interviews \[[@B4],[@B6],[@B11]\]. Most of the criteria were \'unclear\' or \'high risk of bias\' on two studies \[[@B4],[@B11]\].

IV. Discussion
==============

We conducted a systematic review of the studies that have evaluated various NMISs in terms of methods and outcome measures. We attempted to show not only the methods and outcome measures of the evaluation studies, but also the positive or negative aspects of outcomes from the six articles that met the inclusion criteria from our literature search.

Evaluations assessed two scheduling programs, two nursing cost-related programs, and two patient care management programs. Half of the studies assessed utilized quantitative and qualitative mixed-method designs (n = 3), and only one study adopted a test group and control group comparison approach \[[@B6]\]. Although experimental design is a valuable approach for evaluating the outcomes of NMISs, it is very difficult to completely develop and implement the applicable systems. Thus, experimental designs are not necessarily applicable to the evaluation of NMISs. Instead, evaluations should be multidimensional and should consider human, contextual, and cultural aspects, which usually requires methods more complex than what experimental designs can offer \[[@B14]\]. Several articles recognized the need for assessing qualitative studies \[[@B15],[@B16]\] and constructive assessment \[[@B17]\] to obtain deeper knowledge in the evaluation of health information systems, such as the organizational and social aspects \[[@B18]\].

Among data collection methods, questionnaires and chart/EMR reviews were frequently used, which is similar to findings from other studies \[[@B15],[@B19]\]. This result is also consistent with the finding that half of the studies used questionnaires for data collection, most of which were descriptive and correlational. Also, two studies extracted data from the system (e.g., hospital financial data, fiscal and human resource data, and electronic nursing workload management reports).

In addition, most studies had multiple evaluation outcomes, with an average number of outcomes per study of 5.3. This is consistent with Ammenwerth and de Keizer \[[@B18]\], who reported that 48% of studies reviewed, had two or more outcomes. Out of all of the articles, usefulness was one of the most frequently measured outcomes. Specifically, 5 out of 6 studies reported positive outcomes, such as staff productivity. However, one study derived from interviews with nurses reported a negative response \[[@B11]\]. Time saving and satisfaction were also frequently measured, and these outcomes were assessed in five articles. Although most of the outcomes were reported as positive, two studies included negative results, such as decreased patient care quality and personnel competency as well as the view that it was a time-consuming process \[[@B4],[@B11]\].

In the current study, the quality of selected studies was unclear for most of the risk of bias criteria in the RoBANS appraisal tool. Friedman and Abbas \[[@B20]\] raised the issue that studies that evaluate health information systems still require a reliable and valid measurement to achieve scientific rigor. In their article reviewing 25 quantitative studies, only 12% of studies reported reliability and none reported validity \[[@B20]\]. We had similar results, in that reliability and validity were rarely reported. Furthermore, we found that some of the published articles reviewed did not report detailed information regarding research design, subjects, and sample sizes, suggesting that there is a need to increase the scholarly rigor of research in evaluation studies to ensure their quality. This can be improved by adopting a formal evaluation framework. Since various evaluation frameworks have been suggested by several publications, it may also be more effective to assemble a multidisciplinary research team that can share their strengths with one another \[[@B15],[@B16],[@B19],[@B21]\].

In addition, we had some difficulty categorizing the NMISs. This may be an inherent issue with review studies that attempt to categorize systems into certain types because systems may have multiple aspects or dominant/non-dominant functions. Consequently, we considered the dominant aspect of information systems and categorized them accordingly to achieve the best fit; however, some readers might disagree with our categorizations. In addition, there were so few studies that developed and evaluated the information systems focused on nursing management that the quality of the selected studies was not certain.

Since NMISs were executed within complex and dynamic hospital environments, an issue that may arise is the interpretation of results based on the application of certain viewpoints in various studies. For example, in terms of evaluating time saving, the substantial number of data elements required by information systems was negatively evaluated \[[@B4]\]. However, compared to the occurrence of problems with a paper-based system, this negative evaluation can be interpreted as the of the computer-based system failure to satisfy expectations, not a failure of the computer-based system to transcend the usefulness of a paper-based system. Likewise, various results should be analyzed and interpreted according to varying situations and contexts. Although NMISs are shown to improve many aspects of nursing, the issues raised in the evaluative studies should be considered for the future development of HISs used by nurses.

According to our review of the studies related to the evaluation of NMISs in clinical settings, a study with a dynamic and sufficient design including long-term follow-up (i.e., a longitudinal study) and patient outcomes has not yet been conducted. As a result, a plan for evaluation should be integrated at the beginning of the information development process \[[@B15],[@B17]\].
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Summary of NIMS evaluation studies
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^a^Mixed: quantitative and qualitative mixed method study design.
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Outcomes and results of effectiveness of NMISs
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NMIS: nursing management information system, CNDMS: Computer Nursing Dependency Management System, NPR: nurse patient ratio.
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Quality of studies
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○: low risk of bias, Ⅹ: high risk of bias, △: unclear.
